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Description

[0001] This invention relates to stereoscopic imaging
systems and instruments, such as endoscopes, bore-
scopes, and the like.
[0002] Stereoscopic imaging of an object is achieved
by respectively presenting to a viewer's right and left
eyes images of the object from different, spatially-sep-
arated perspectives. The viewer's brain "fuses" these
images into a single image so that the viewer perceives
a sense of depth. Most endoscopes present only two-
dimensional images to a viewer or to a video camera
attached to the proximal end of the endoscope. Stereo-
scopic imaging systems for endoscopes have, however,
been recently proposed. For example, Lia (U.S. Patent
No. 5,222,477) describes an endoscope that incorpo-
rates a stereo imaging system at the distal end of the
scope. Mitchell et al.("Three-dimensional endoscopic
imaging for minimal access surgery," Journal of the Roy-
al College of Surgeons of Edinburgh, Vol. 38, No. 5, pp.
285-292 (Oct. 1993)) and Greening et al. (International
Publication No. WO 95/28662) describe a stereoscopic
imaging system that is mounted on the proximal end of
an endoscope to present right and left images of a scene
captured by the endoscope to a video camera. Endo-
scopic stereo systems that capture images of a scene
from two different perspectives using two CCDs mount-
ed at the distal end of the scope have also been pro-
posed. Furthermore, adapters for connecting stereo-
scopic endoscopes to electronic documentation devices
which may be CCD-cameras have been described
(DE-U-93 08 618.0).
[0003] The invention concerns a stereoscopic imag-
ing system for attachment to an instrument, such as an
endoscope or a borescope, which is constructed to
transmit light from a distal region of the instrument to a
proximal region of the instrument and is characterized
by an exit pupil located in the vicinity of the proximal
region of the instrument.
[0004] The invention is as defined in the appended set
of claims.
[0005] In one aspect, the invention features devices
for generating a stereoscopic image that includes re-
ceiving light from the instrument, and, at symmetric lo-
cations substantially in the plane of the exit pupil of the
instrument, defining right and left optical channels, and
using an optical switch to alternately block the right and
left optical channels for generating a stereoscopic view.
[0006] Because the right and left optical channels are
defined substantially in the plane of the exit pupil of the
instrument, light received from the instrument is divided
equally into the right and left channels, whether or not
the light is received along the optical axis of the instru-
ment. This reduces leakage (cross-talk) between the
right and left channels and enhances the perceived ster-
eoscopic effect. The resulting enhanced depth percep-
tion enables a user to readily maneuver an endoscope
within a patient's body during a medical procedure, or

to readily maneuver a borescope during an industrial
process, improving the accuracy of the procedure and
reducing the overall time needed to complete the pro-
cedure.
[0007] In another aspect, the invention features de-
vices for generating a stereoscopic image that includes
axially moving a dual aperture device with respect to the
proximal end of the instrument to respectively position
right and left apertures at symmetric locations substan-
tially in the plane of the exit pupil of the instrument. This
feature enables a user to accommodate different instru-
ments by adjusting the dual aperture device so that the
right and left apertures are disposed substantially in the
plane of the exit pupil, the relative position of which var-
ies for different instruments.
[0008] In other aspects, the invention features combi-
nations of the instrument, the stereoscopic imaging de-
vice, and a camera.
[0009] Embodiments may include one or more of the
following.
[0010] The optical switch alternately blocks light re-
ceived from the instrument based on the polarizations
of the right and left optical channels. The optical switch
comprises a first polarizer for polarizing the right and left
optical channels, a second polarizer for permitting light
of a selected polarization to pass therethrough, and a
polarization rotator disposed between the first and sec-
ond polarizers for alternately rotating the polarization of
the right and left optical channels. The polarization ro-
tator is, e.g., a ferroelectric liquid crystal (FLC) rotator.
Such FLC rotators can have switching times on the or-
der of 35-90 µs. For many video applications, such a
high switching speed reduces leakage between the right
and left channels - leakage which could degrade the
stereoscopic effect.
[0011] In some embodiments, the first polarizer polar-
izes the right and left optical channels with orthogonal
polarizations, and the polarization rotator is character-
ized by a first state wherein the right and left optical
channels are not rotated by the polarization rotator and
by a second state wherein the right and left optical chan-
nels are rotated 90° by the polarization rotator. The first
polarizer comprises two separate polarizers with polar-
ization axes oriented at 90° with respect to each other.
The first polarizer is disposed adjacent to the dual ap-
erture plate substantially in the plane of the exit pupil of
the instrument when the adaptor is attached thereto. An
optical retarder is coupled to the housing and disposed
between the polarization rotator and the second polar-
izer for adjusting contrast ratios of the right and left op-
tical channels.
[0012] In other embodiments, the first polarizer polar-
izes the right and left optical channels with the same
polarization, and the polarization rotator is character-
ized by a first state wherein the right optical channel is
not rotated by the polarization rotator and the left optical
channel is rotated 90° by the polarization rotator, and by
a second state wherein the right optical channel is ro-
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tated by 90° by the polarization rotator and the left op-
tical channel is not rotated by the polarization rotator.
The polarization rotator preferably comprises two sep-
arate ferroelectric liquid crystal polarization rotators with
optical axes oriented at 45° with respect to each other.
The first polarizer and the polarization rotator are dis-
posed adjacent to the dual aperture plate substantially
in the plane of the exit pupil of the instrument when the
housing is attached thereto.
[0013] The right and left apertures of the dual aperture
plate may be symmetrically spaced from a common ax-
is, and the right and left apertures may be elongated
along a respective dimension parallel to the common ax-
is; for example, the right and left apertures may be gen-
erally elliptical in shape. Such a shape improves the
tradeoff between stereopsis and light energy throughput
for different endoscopes, while accommodating a wide
range of exit pupil diameters.
[0014] The housing may be adapted to attach to a
camera. The imaging device may also comprise an op-
tical system for delivering light from the left and right
channels to a single imaging sensor for generating a
stereoscopic view. The imaging system may also com-
prise an optical switch driver which is synchronized with
the video imaging system field rate and with the display
so that a viewer sees the right optical channel with the
right eye and the left optical channel with the left eye.
[0015] Other features and advantages will become
apparent from the following.

Fig. 1 is a diagrammatic view of a stereoscopic im-
aging device attached to the proximal end of an en-
doscope for presenting a stereoscopic view on a
display.

Fig. 2 is a diagrammatic view of the stereoscopic
imaging device of Fig. 1 and the proximal end of the
endoscope shown in Fig. 1.

Fig. 3 is a sectional view of a dual aperture plate,
taken along the line 3-3 in Fig. 2.

Figs. 4 and 4A are diagrammatic views of an optical
switch for different states of operation.

Figs. 5 and 5A are diagrammatic views of another
optical switch for different states of operation.

[0016] Referring to Fig. 1, a stereoscopic imaging de-
vice 10 is attached to the proximal end of an endoscope
12. Imaging device 10 alternately produces a right per-
spective image and a left perspective image of a two-
dimensional image captured by the endoscope for gen-
erating a stereoscopic view (e.g., a stereoscopic view
of a region inside a patient's body). A video camera 14
generates right and left video signals from the right and
left images produced by stereoscopic imaging device
10. A display 16 receives the right and left video signals

and alternately presents the right and left images to a
viewer. A driver 18 coordinates the operation of an op-
tical switch in stereoscopic imaging device 10 with the
presentation of the images on display 16. The driver is
synchronized with the video imaging system field rate
and with the display so that a viewer sees the right op-
tical channel with the right eye and the left optical chan-
nel with the left eye. Stereoscopic imaging device 10 can
be detached from the proximal end of endoscope 12 to
allow the user to directly view the two-dimensional im-
age captured by the scope.
[0017] Display 16 presents the right images to one of
the viewer's eyes and the left images to the other eye.
Display 16 may consist of a standard video monitor
which alternately displays the right and left images, and
a pair of glasses with liquid crystal shutters that are syn-
chronized with the monitor and alternately block the
viewer's right and left eyes. Display 16 may alternatively
consist of a video monitor which polarizes the right im-
ages differently from the left images, and glasses with
circular right and left polarization filters that enable right
images to reach one of the viewer's eyes and left images
to reach the other eye. The right and left images are pre-
sented to the viewer's eyes at a rate that is sufficiently
rapid for the viewer's brain to fuse the right and left im-
ages into a single image, which the viewer perceives as
having sense of depth. Such depth perception enables
the viewer to readily maneuver endoscope 12 within a
patient's body during an endoscopic procedure, or to
readily maneuver a borescope during an industrial proc-
ess, improving the accuracy of the procedure and re-
ducing the overall time needed to complete the proce-
dure.
[0018] As shown in Fig. 2, stereoscopic imaging de-
vice 10 includes a dual aperture plate 20, an optical
switch 22 that is controlled by driver 18 (Fig. 1), and de-
livery optics 24 that deliver the images from optical
switch 22 to video camera 14. The proximal end of en-
doscope 12 includes an ocular lens 26 that receives light
from the distal end of the endoscope and directs the light
onto dual aperture plate 20. Because the field aperture
stop of a rigid endoscope (such as endoscope 12) and
the proximal fiber face of a flexible endoscope are typi-
cally located in the vicinity of the first focal point of ocular
lens 26, ocular lens 26 produces a distally-located mag-
nified virtual image 30 (plane A'-O') of the object that
can be viewed directly by the viewer in the direct-view
application (i.e., with stereoscopic imaging device 10
and videocamera 14 removed).
[0019] Endoscope 12 is characterized by an exit pupil
32. Because most endoscopes have a telecentric ray
path distally of the ocular lens, exit pupil 32 is located
near a second focal point of ocular lens 26. The distance
from the proximal end of endoscope 12 to exit pupil 32
is typically referred to as the "eye relief." As described
below, aperture plate 20, and one or more components
of optical switch 22 are positioned in the plane of exit
pupil 32. For this reason, the light received from endo-
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scope 12 is equally divided into right and left optical
channels, whether or not the light is received along the
optical axis of endoscope 12. If the received light were
divided at a location other than at exit pupil 32, off-axis
light beams would be unequally divided, reducing the
stereoscopic effect perceived by the viewer. Further-
more, the leakage (cross-talk) between the right and left
channels increases when the light is divided at locations
other than at exit pupil 32, further degrading the per-
ceived stereoscopic effect.
[0020] The location and diameter of exit pupil 32 is
different for different endoscopes, and may be signifi-
cantly different for endoscopes of different diameter. To
provide stereoscopic imaging for different endoscopes,
dual aperture plate 20, along with one or more compo-
nents of optical switch 22, are axially movable with re-
spect to the proximal end of endoscope 12 so that they
can be positioned in the plane of exit pupil 32 of endo-
scope 12.
[0021] As shown in Fig. 2A, the position of dual aper-
ture plate 20, along with one or more components of op-
tical switch 22, significantly affects the division of light
between the right and left optical channels. When divi-
sion plane (position of aperture plate 20, along with one
or more components of optical switch 22) is positioned
in the exit pupil plane P-P', an axial light beam 33 pass-
ing through point O and forming a solid angle which is
limited by exit pupil 32, and an off-axis light beam 35
passing through point A and forming a solid angle which
is also limited by the exit pupil, are both equally divided
along optical axis O'-O into right and left optical chan-
nels. When the division plane is displaced from exit pupil
plane P-P' to plane P1-P1', axial light beam 33 is equally
divided into right and left optical channels; off-axis light
beam 35, however, is unequally divided into the right op-
tical channel (shown by cross-hatching) and the left op-
tical channel (the unhatched portion of light beam 35).
When the division plane is displaced a greater distance
from exit pupil plane P-P' to plane P2-P2', the right por-
tion of off-axis light beam 35 becomes completely vi-
gnetted. Thus, when the division plane is displaced from
exit pupil plane P-P', off-axis light beams will produce
greater left channel signals than right channel signals,
resulting in greater leakage between the channels and
decreasing the perceived three-dimensional effect.
[0022] Referring to Fig. 3, dual aperture plate 20 in-
cludes right and left apertures 34, 36, respectively,
which are symmetrically spaced from a point 38 on a
common axis 40 in the plane of plate 20. Apertures 34,
36 are spaced-apart to increase the stereoscopic effect.
The shape of apertures 34, 36 is selected to improve
the tradeoff between stereopsis and light energy
throughput for different endoscopes, while accommo-
dating a wide range of exit pupil diameters. In a pre-
ferred embodiment, apertures 34, 36 are generally el-
liptical in shape (e.g., an ellipse, or in the shape of a
trapezoid or a sector of a circle or ellipse) with an elon-
gated dimension 41 that is parallel to common axis 40.

Each aperture 34, 36 is preferably symmetrical about
axis B-B, which is orthogonal to common axis 40 in the
plane of plate 20. By way of example, the projections of
exit pupils for different diameter endoscopes are shown
in shadow as 42, 44.
[0023] Referring to Figs. 4 and 4A, optical switch 22
includes a polarizer 46, a polarization rotator 48, a pol-
ymer retarder 50, and a polarizer 52. Polarizer 46 in-
cludes two separate polarizers 54, 56 with polarization
axes 58, 60 oriented at 90° with respect to each other.
Polarizer 46 is preferably positioned adjacent to dual ap-
erture plate 20 substantially in the plane of exit pupil 32
of endoscope 12, either distally of aperture plate 20 or
proximally of aperture plate 20 as shown. The other
components (rotator 48, retarder 50, and polarizer 52)
can be positioned anywhere in the optical path between
polarizer 46 and video camera 14. Preferably, these
components are stacked adjacent to polarizer 46.
[0024] Polarization rotator 48 is a ferroelectric liquid
crystal (FLC) that functions as a broadband switchable
half-wave retarder (e.g., an Achromatic Rotator availa-
ble from Displaytech, Inc. of Boulder, CO, USA). Rotator
48 is constructed to rotate the linear polarization of the
incoming light by approximately twice the angle the in-
coming linear polarization makes with the rotator axis.
Rotator 48 is switchable between a state (Fig. 4) with
an optical axis 62, and a state (Fig. 4A) with an optical
axis 64 oriented at an angle of 45° with respect to optical
axis 62.
[0025] In operation, apertures 34, 36 divide light re-
ceived from endoscope 12 into right and left channels
66, 68, and polarizers 54, 56 polarize the right and left
channels with horizontal and vertical polarizations, re-
spectively. Driver 18 generates a voltage which changes
the direction of the liquid crystal polarization rotator op-
tical axis; in the case of the ferroelectric liquid crystal
polarization rotator, the voltage generated by driver 18
is ± 5 volts. In the first state (Fig. 4), the polarization of
right optical channel 66 is orthogonal to rotator optical
axis 62; rotator 48 therefore does not rotate the right
channel polarization. The polarization of left channel 68
is parallel to rotator optical axis 62; therefore, rotator 48
also does not rotate the left channel polarization. Be-
cause the polarization of polarizer 56 is parallel to the
polarization of polarizer 52, the contrast of left channel
68 is less than the contrast of right channel 66, which
has a polarization that is orthogonal to the polarization
of polarizer 52. Polymer retarder 50 rotates the polari-
zations of right and left channels 66, 68 to enhance the
contrast of left channel 68 at the expense of the right
channel contrast so that the contrast in right and left
channels 66, 68 are substantially the same, with con-
trast ratios of, e.g., 80:1 to 100:1. Polarizer 52 transmits
light with vertical polarization (left channel 68) and
blocks light with horizontal polarization (right channel
66). Thus, when polarization rotator 48 is in the first
state, video camera 14 receives light only from left chan-
nel 68.
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[0026] In the second state (Fig. 4A), the polarization
of right and left optical channels 66, 68 are both oriented
at 45° with respect to rotator optical axis 64 and, there-
fore, rotator 46 rotates the polarization of both the right
and left channels by 90°. This results in the polarization
of right channel 66 being oriented vertically, and the po-
larization of left channel 68 being oriented horizontally,
causing polarizer 52 to pass right channel 66 and block
left channel 68. Thus, when the polarization rotator is in
the second state, video camera 14 receives light only
from the right channel.
[0027] Other embodiments are within the scope of the
claims.
[0028] Referring to Figs. 5 and 5A, in another embod-
iment, optical switch 22 includes a polarizer 70, a polar-
ization rotator 72, and a polarizer 74. Polarizer 70 and
rotator 72 are stacked adjacent to dual aperture plate
20 substantially in the plane of exit pupil 22 of endo-
scope 12, either distally of aperture plate 20 or proxi-
mally of aperture plate 20 as shown. Polarizer 74 can
be positioned anywhere in the optical path between ro-
tator 72 and video camera 14, but polarizer 74 is pref-
erably positioned adjacent to rotator 72.
[0029] Polarization rotator 72 includes two separate
ferroelectric liquid crystals (FLC) 76, 78 which function
as broadband switchable half-wave retarders (e.g., Ach-
romatic Rotators available from Displaytech, Inc. of
Boulder, CO, USA). Rotators 76, 78 are constructed to
rotate the polarization of the incoming light by approxi-
mately twice the angle the incoming polarization makes
with the rotator axis. Rotators 76, 78 alternate between
a first state (Fig. 5) with optical axes 80, 82 and a second
state (Fig. 5A) with optical axes 84, 86 oriented at angle
of 45° with respect to optical axes 80, 82, respectively.
[0030] In operation, apertures 34, 36 divide light re-
ceived from the endoscope into right and left channels
88, 90, and polarizer 70 polarizes right and left channels
88, 90 with a horizontal polarization. In the first state
(Fig. 5), the polarization of right optical channel 88 is
orthogonal to rotator axis 80; therefore, rotator 76 does
not rotate the right channel polarization. The polariza-
tion of left channel 90 is oriented at 45° with respect to
rotator axis 82; therefore, rotator 78 rotates the left
channel polarization by 90° (i.e., to vertical polarization).
Polarizer 74 transmits light with vertical polarization (left
channel 90) and blocks light with horizontal polarization
(right channel 88). Thus, when polarization rotator 72 is
in the first state, video camera 14 receives light only from
left channel 90.
[0031] In the second state (Fig. 5A), the polarization
of left optical channel 90 is orthogonal to rotator axis 86;
rotator 78 therefore does not rotate the left channel po-
larization. The polarization of right channel 88 is orient-
ed at 45° with respect to rotator axis 84; rotator 76 there-
fore rotates the right channel polarization by 90° (i.e., to
vertical polarization). Polarizer 74 transmits light with
vertical polarization (right channel 88) and blocks light
with horizontal polarization (left channel 90). Thus,

when polarization rotator 72 is in the second state, video
camera 14 receives light only from right channel 88. The
embodiment show in Figs. 5 and 5A provides a high con-
trast ratio between the right and left optical channels and
significantly reduces cross-talk; indeed, because each
FLC 76, 78 is in a nonrotating orientation when its re-
spective optical channel is blocked, the contrast ratio
between the channels may be as high as 10,000:1.
[0032] As mentioned above, the separation of the
right and left images is synchronized with the presenta-
tion of the images on display 16 by driver 18 (Fig. 1).
The EIA Standard RS-170 specifies a vertical video
blanking time of 1.25 ms (7.5% of the vertical scanning
rate of 60 Hz). The FLC rotators shown in the embodi-
ments of Figs. 4-5A have switching times on the order
of 35-90 µs. Such a high switching speed reduces leak-
age between the right and left channels, which would
otherwise degrade the stereoscopic effect.
[0033] The invention provides an improved stereo-
scopic imaging device for instruments, such as endo-
scopes, borescopes, and the like. Rapid switching be-
tween right and left channels, high contrast ratios be-
tween crossed polarizers 70, 74 (Figs. 5 and 5A) and
52, 54 (Figs. 4 and 4A), and the use of polymer retarder
50 between parallel polarizers 52, 56 (Figs. 4 and 4A)
advantageously reduce leakage between the right and
left channels to provide enhanced stereoscopic visuali-
zation. The resulting depth perception enables a user to
readily maneuver, for example, an endoscope within a
patient's body during a endoscopic procedure, improv-
ing the accuracy of the procedure and reducing the over-
all time needed to complete the procedure.
[0034] Still other embodiments are within the scope
of the claims. For example, endoscope 12 can be a flex-
ible endoscope. The particular polarizations selected for
the right and left channels can be different from that dis-
closed above, as long as the light in the right and left
channels are separable based on the different polariza-
tions of the channels.

Claims

1. A stereoscopic imaging device (10) for attachment
to an instrument (12) constructed to transmit light
from a distal region of the instrument to a proximal
region of the instrument, said instrument compris-
ing an exit pupil (32) located in the vicinity of the
proximal region of the instrument, said imaging de-
vice (10) comprising,
a dual aperture device disposed within a housing
adapted to be attached to the proximal region of the
instrument (12) and defining right (34) and left(36),
spaced-apart apertures respectively disposed at
symmetric locations characterised in that said im-
aging device (10) is adapted to be attached such
that said spaced apart apertures are disposed sub-
stantially in the plane of the exit pupil of the instru-
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ment to receive light from the instrument when the
housing is attached thereto, and in that,
an optical switch (22) is disposed within the housing
for alternately blocking light received from the in-
strument and passing through the right (34) and left
(36) apertures to respectively produce right and left
optical channels for generating a stereoscopic view.

2. The imaging device of claim 1 wherein the dual ap-
erture device comprises a dual aperture plate (20).

3. The imaging device of claim 1 wherein the optical
switch (22) alternately blocks light received from the
instrument based on polarizations of the right and
left optical channels.

4. The imaging device of claim 1 or claim 2 wherein
the optical switch (22) comprises a ferroelectric liq-
uid crystal polarization rotator (48).

5. The imaging device of any of the preceding claims
herein the optical switch (22) comprises a first po-
larizer (46) for polarizing the right and left optical
channels, and second polarizer (52) for permitting
light of a selected polarization to pass therethrough,
and a polarization rotator (48) disposed between
the first (46) and second (52) polarizers for alterna-
tively rotating the polarization of the right and left
optical channels.

6. The imaging device of claim 5 wherein the first po-
larizer (46) polarizes the right and left optical chan-
nels with orthogonal polarizations, and the polariza-
tion rotator (48) is characterized by a first state
wherein the right and left optical channels are rotat-
ed 90° by the polarization roatator.

7. The imaging device of claim 6 wherein the first po-
larizer (46) comprises two separate polarizers (54,
56) with polarization axes oriented at 90° with re-
spect to each other.

8. The imaging device of claim 6 wherein the optical
switch (22) comprises a single ferroelectric liquid
crystal polarization rotator (48).

9. The imaging device of claim 5 to 8 wherein the first
polarizer (46) is disposed adjacent to the dual ap-
erture plate (20) substantially in the plane of the exit
pupil (32) of the instrument when the housing is at-
tached thereto.

10. The imaging device of claim 5 to 9 further compris-
ing an optical retarder (50) coupled to the housing
and disposed between the polarization rotator (48)
and the second polarizer (52) for adjusting contrast
ratios of the right and left optical channels.

11. The imging device of any one of claims 1 to 5 where-
in the first polarizer (70) polarizes the right and left
optical channels with the same polarization, an the
polarization rotator (72) is characterized by a first
state wherein the right optical channel is not rotated
by the polarization rotator (72) and the left optical
channel is rotated 90° by the polarization rotator
(72), and by a second state wherein the right optical
channel is rotated by 90° by the polarization rotator
and the left optical channel is not rotated by the po-
larization rotator (72).

12. The imaging device of any one of claims 1 to 5
wherein the optical switch comprises two separate
ferroelectric liquid crystal polarization rotators (80,
82) with optical axes oriented at 45° with respect to
each other.

13. The imaging device of claim 10 wherein the first po-
larizer (70) and the polarization rotator (72) are dis-
posed adjacent to the dual aperture plate (20) sub-
stantially in the plane of the exit pupil (32) of the
instrument when the housing is attached thereto.

14. The imaging device of any one of the preceding
claims wherein the dual aperture plate (20) is axially
movable with respect to the proximal region of the
instrument when the housing is coupled thereto.

15. The imaging device of any one of the preceding
claims wherein the right (34) and left (36) apertures
of the dual aperture device are symmetrically
spaced from a common axis (40), and the right (34)
and left (36) apertures are elongated along a re-
spective dimension parallel to the common axis
(40).

16. The imaging device of any one of the preceding
claims whereint he right (34) and left (36) apertures
are generally elliptical in shape.

17. The imaging device of any one of the preceding
claims wherein the instrument to which the imaging
device is attached is an endoscope.

18. The imaging device of any one of the preceding
claims further comprising an optical device for de-
livering light from the left and right channels to an
imaging sensor (114, 118) for generating a stereo-
scopic view.

19. The imaging device of any one of the preceding
claims wherein the housing is constructed to attach
to an imaging sensor (114, 118).

20. The imaging device of any one of the preceding
claims further comprising a driver (18) for coordinat-
ing operation of the optical switch (22) with a display
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(16) so that a viewer sees the right optical channel
with one eye and the left optical channel with the
other eye.

Patentansprüche

1. Eine stereoskopische bildgebende Vorrichtung (10)
zur Anbringung an einem Instrument (12), das kon-
struiert ist, um Licht von einem distalen Bereich des
Instruments an einen proximalen Bereich des In-
struments zu übermitteln, wobei das Instrument ei-
ne Austrittspupille (32) beinhaltet, die sich in der
Nähe des proximalen Bereichs des Instruments be-
findet, wobei die bildgebende Vorrichtung (10) Fol-
gendes beinhaltet:

eine Vorrichtung mit zwei Öffnungen, die inner-
halb eines Gehäuses angeordnet ist, das aus-
geführt ist, um an dem proximalen Bereich des
Instruments (12) angebracht zu werden, und
die eine rechte (34) und linke (36), mit Abstand
angeordnete Öffnung, die jeweils an symmetri-
schen Standorten angeordnet sind, definiert,
dadurch gekennzeichnet, dass die bildge-
bende Vorrichtung (10) ausgeführt ist, um so
angebracht zu werden, dass die mit Abstand
angeordneten Öffnungen im Wesentlichen auf
der Ebene der Austrittspupille des Instruments
angeordnet sind, um Licht von dem Instrument
zu empfangen, wenn das Gehäuse daran an-
gebracht ist, und dadurch dass

eine optische Schaltung (22) innerhalb des Ge-
häuses angeordnet ist, um von dem Instrument
empfangenes Licht abwechselnd zu blockieren
und durch die rechte (34) und linke (36) Öff-
nung zu führen, um einen rechten bzw. linken
optischen Kanal herzustellen, um eine stereo-
skopische Ansicht zu erzeugen.

2. Bildgebende Vorrichtung gemäß Anspruch 1, wobei
die Vorrichtung mit zwei Öffnungen eine Platte mit
zwei Öffnungen (20) beinhaltet.

3. Bildgebende Vorrichtung gemäß Anspruch 1, wobei
die optische Schaltung (22) basierend auf Polarisa-
tionen des rechten und linken optischen Kanals ab-
wechselnd von dem Instrument empfangenes Licht
blockiert.

4. Bildgebende Vorrichtung gemäß Anspruch 1 oder
Anspruch 2, wobei die optische Schaltung (22) ei-
nen ferroelektrischen Flüssigkristallpolarisationsro-
tator (48) beinhaltet.

5. Bildgebende Vorrichtung gemäß einem der vorher-
gehenden Ansprüche, wobei die optische Schal-

tung (22) einen ersten Polarisator (46) zum Polari-
sieren des rechten und linken optischen Kanals be-
inhaltet, und einen zweiten Polarisator (52), um es
dem Licht einer ausgewählten Polarisation zu er-
möglichen, dort hindurch zu führen, und einen Po-
larisationsrotator (48), der zwischen dem ersten
(46) und zweiten (52) Polarisator zum abwechseln-
den Drehen der Polarisation des rechten und linken
optischen Kanals angeordnet ist.

6. Bildgebende Vorrichtung gemäß Anspruch 5, wobei
der erste Polarisator (46) den rechten und linken
optischen Kanal mit orthogonalen Polarisationen
polarisiert, und der Polarisationsrotator (48) durch
einen ersten Zustand gekennzeichnet ist, wobei der
rechte und linke optische Kanal durch den Polari-
sationsrotator um 90° gedreht werden.

7. Bildgebende Vorrichtung gemäß Anspruch 6, wobei
der erste Polarisator (46) zwei separate Polarisato-
ren (54, 56) mit Polarisationsachsen beinhaltet, die
in Bezug aufeinander bei 90° ausgerichtet sind.

8. Bildgebende Vorrichtung gemäß Anspruch 6, wobei
die optische Schaltung (22) einen einzelnen ferro-
elektrischen Flüssigkristallpolarisationsrotator (48)
beinhaltet.

9. Bildgebende Vorrichtung gemäß Anspruch 5 bis 8,
wobei der erste Polarisator (46) angrenzend an die
Platte mit zwei Öffnungen (20) im Wesentlichen auf
der Ebene der Austrittspupille (32) des Instruments
angeordnet ist, wenn das Gehäuse daran ange-
bracht ist.

10. Bildgebende Vorrichtung gemäß Anspruch 5 bis 9,
die ferner einen optischen Verzögerer (50) beinhal-
tet, der an das Gehäuse gekoppelt und zwischen
dem Polarisationsrotator (48) und dem zweiten Po-
larisator (52) zum Einstellen der Kontrastverhältnis-
se des rechten und linken optischen Kanals ange-
ordnet ist.

11. Bildgebende Vorrichtung gemäß einem der Ansprü-
che 1 bis 5, wobei der erste Polarisator (70) den
rechten und linken optischen Kanal mit der gleichen
Polarisation polarisiert, und der Polarisationsrotator
(72) durch einen ersten Zustand gekennzeichnet
ist, in dem der rechte optische Kanal nicht durch
den Polarisationsrotator (72) gedreht wird und der
linke optische Kanal durch den Polarisationsrotator
(72) um 90° gedreht wird, und durch einen zweiten
Zustand, in dem der rechte optische Kanal durch
den Polarisationsrotator um 90° gedreht wird und
der linke optische Kanal nicht durch den Polarisati-
onsrotator (72) gedreht wird.

12. Bildgebende Vorrichtung gemäß einem der Ansprü-
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che 1 bis 5, wobei die optische Schaltung zwei se-
parate ferroelektrische Flüssigkristallpolarisations-
rotatoren (80, 82) mit um 45° in Bezug aufeinander
ausgerichteten optischen Achsen beinhaltet.

13. Bildgebende Vorrichtung gemäß Anspruch 10, wo-
bei der erste Polarisator (70) und der Polarisations-
rotator (72) angrenzend an die Platte mit zwei Öff-
nungen (20) im Wesentlichen in der Ebene der Aus-
trittspupille (32) des Instruments angeordnet sind,
wenn das Gehäuse daran angebracht ist.

14. Bildgebende Vorrichtung gemäß einem der vorher-
gehenden Ansprüche, wobei die Platte mit zwei Öff-
nungen (20) mit Bezug auf den proximalen Bereich
des Instruments axial bewegbar ist, wenn das Ge-
häuse daran gekoppelt ist.

15. Bildgebende Vorrichtung gemäß einem der vorher-
gehenden Ansprüche, wobei die rechte (34) und lin-
ke (36) Öffnung der Vorrichtung mit zwei Öffnungen
symmetrisch von einer gemeinsamen Achse (40)
angeordnet sind, und wobei die rechte (34) und lin-
ke (36) Öffnung entlang einer entsprechenden Di-
mension parallel zu der gemeinsamen Achse (40)
verlängert sind.

16. Bildgebende Vorrichtung gemäß einem der vorher-
gehenden Ansprüche, wobei die rechte (34) und lin-
ke (36) Öffnung von im Allgemeinen elliptischer
Form sind.

17. Bildgebende Vorrichtung gemäß einem der vorher-
gehenden Ansprüche, wobei das Instrument, an
dem die bildgebende Vorrichtung angebracht ist,
ein Endoskop ist.

18. Bildgebende Vorrichtung gemäß einem der vorher-
gehenden Ansprüche, die ferner eine optische Vor-
richtung beinhaltet, um Licht von dem linken und
rechten Kanal an einen Bildsensor (114, 118) zur
Erzeugung einer stereoskopischen Ansicht zu lie-
fern.

19. Bildgebende Vorrichtung gemäß einem der vorher-
gehenden Ansprüche, wobei das Gehäuse konstru-
iert ist, um an einen bildgebenden Sensor (114, 118)
angebracht zu werden.

20. Bildgebende Vorrichtung gemäß einem der vorher-
gehenden Ansprüche, die ferner einen Treiber (18)
zur Koordination des Betriebs der optischen Schal-
tung (22) mit einer Anzeige (16) beinhaltet, so dass
ein Betrachter den rechten optischen Kanal mit ei-
nem Auge und den linken optischen Kanal mit dem
anderen Auge sieht.

Revendications

1. Un dispositif d'imagerie stéréoscopique (10) desti-
né à être attaché à un instrument (12) construit pour
transmettre de la lumière d'une région distale de
l'instrument à une région proximale de l'instrument,
ledit instrument comportant une pupille de sortie
(32) située au voisinage de la région proximale de
l'instrument, ledit dispositif d'imagerie (10) compor-
tant
un dispositif à double orifice disposé à l'intérieur
d'un logement adapté pour être attaché à la région
proximale de l'instrument (12) et définissant des ori-
fices droit (34) et gauche (36) espacés l'un de
l'autre, respectivement disposés à des emplace-
ments symétriques caractérisé en ce que ledit dis-
positif d'imagerie (10) est adapté pour être attaché
de telle sorte que lesdits orifices espacés l'un de
l'autre soient disposés substantiellement dans le
plan de la pupille de sortie de l'instrument pour re-
cevoir la lumière provenant de l'instrument quand
le logement est attaché à celui-ci, et en ce que
un interrupteur optique (22) est disposé à l'intérieur
du logement pour bloquer en alternance la lumière
reçue de l'instrument et passant à travers les orifi-
ces droit (34) et gauche (36) afin de produire res-
pectivement des canaux optiques droit et gauche
pour générer une vue stéréoscopique.

2. Le dispositif d'imagerie de la revendication 1 dans
lequel le dispositif à double orifice comporte une
plaque à double orifice (20).

3. Le dispositif d'imagerie de la revendication 1 dans
lequel l'interrupteur optique (22) bloque en alter-
nance la lumière reçue de l'instrument sur la base
de polarisations des canaux optiques droit et gau-
che.

4. Le dispositif d'imagerie de la revendication 1 ou la
revendication 2 dans lequel l'interrupteur optique
(22) comporte un rotateur de polarisation à cristaux
liquides ferroélectrique (48).

5. Le dispositif d'imagerie de n'importe lesquelles des
revendications précédentes dans lequel l'interrup-
teur optique (22) comporte un premier polariseur
(46) pour polariser les canaux optiques droit et gau-
che, et un deuxième polariseur (52) pour permettre
à la lumière d'une polarisation sélectionnée de pas-
ser à travers celui-ci, et un rotateur de polarisation
(48) disposé entre les premier (46) et deuxième (52)
polariseurs pour faire tourner alternativement la po-
larisation des canaux optiques droit et gauche.

6. Le dispositif d'imagerie de la revendication 5 dans
lequel le premier polariseur (46) polarise les canaux
optiques droit et gauche avec des polarisations or-
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thogonales, et le rotateur de polarisation (48) est
caractérisé par un premier état dans lequel le ro-
tateur de polarisation fait tourner les canaux opti-
ques droit et gauche de 90°.

7. Le dispositif d'imagerie de la revendication 6 dans
lequel le premier polariseur (46) comporte deux po-
lariseurs distincts (54, 56), les axes de polarisation
étant orientés à 90° l'un par rapport à l'autre.

8. Le dispositif d'imagerie de la revendication 6 dans
lequel l'interrupteur optique (22) comporte un seul
rotateur de polarisation à cristaux liquides ferroé-
lectrique (48).

9. Le dispositif d'imagerie des revendications 5 à 8
dans lequel le premier polariseur (46) est disposé
de façon adjacente à la plaque à double orifice (20)
substantiellement dans le plan de la pupille de sor-
tie (32) de l'instrument quand le logement y est at-
taché.

10. Le dispositif d'imagerie des revendications 5 à 9
comportant de plus un retardateur optique (50) cou-
plé au logement et disposé entre le rotateur de po-
larisation (48) et le deuxième polariseur (52) pour
ajuster les rapports de contraste entre les canaux
optiques droit et gauche.

11. Le dispositif d'imagerie de n'importe laquelle des re-
vendications 1 à 5 dans lequel le premier polariseur
(70) polarise les canaux optiques droit et gauche
avec la même polarisation, et le rotateur de polari-
sation (72) est caractérisé par un premier état
dans lequel le rotateur de polarisation (72) ne fait
pas tourner le canal optique droit et le rotateur de
polarisation (72) fait tourner le canal optique gau-
che de 90°, et par un deuxième état dans lequel le
rotateur de polarisation fait tourner le canal optique
droit de 90° et le rotateur de polarisation (72) ne fait
pas tourner le canal optique gauche.

12. Le dispositif d'imagerie de n'importe laquelle des re-
vendications 1 à 5 dans lequel l'interrupteur optique
comporte deux rotateurs de polarisation à cristaux
liquides ferroélectriques distincts (80, 82), les axes
optiques étant orientés à 45° l'un par rapport à
l'autre.

13. Le dispositif d'imagerie de la revendication 10 dans
lequel le premier polariseur (70) et le rotateur de
polarisation (72) sont disposés de façon adjacente
à la plaque à double orifice (20) substantiellement
dans le plan de la pupille de sortie (32) de l'instru-
ment quand le logement y est attaché.

14. Le dispositif d'imagerie de n'importe laquelle des re-
vendications précédentes dans lequel la plaque à

double orifice (20) est déplaçable de façon axiale
par rapport à la région proximale de l'instrument
quand le logement y est couplé.

15. Le dispositif d'imagerie de n'importe laquelle des re-
vendications précédentes dans lequel les orifices
droit (34) et gauche (36) du dispositif à double ori-
fice sont symétriquement espacés d'un axe com-
mun (40), et les orifices droit (34) et gauche (36)
sont allongés le long d'une dimension respective
parallèle à l'axe commun (40).

16. Le dispositif d'imagerie de n'importe laquelle des re-
vendications précédentes dans lequel les orifices
droit (34) et gauche (36) sont de forme générale-
ment elliptique.

17. Le dispositif d'imagerie de n'importe laquelle des re-
vendications précédentes dans lequel l'instrument
auquel est attaché le dispositif d'imagerie est un en-
doscope.

18. Le dispositif d'imagerie de n'importe laquelle des re-
vendications précédentes comportant de plus un
dispositif optique pour fournir de la lumière prove-
nant des canaux gauche et droit à un capteur d'ima-
gerie (114, 118) pour générer une vue stéréoscopi-
que.

19. Le dispositif d'imagerie de n'importe laquelle des re-
vendications précédentes dans lequel le logement
est construit de manière à s'attacher à un capteur
d'imagerie (114, 118).

20. Le dispositif d'imagerie de n'importe laquelle des re-
vendications précédentes comportant de plus un
organe d'entraînement (18) pour coordonner l'ac-
tionnement de l'interrupteur optique (22) à un affi-
chage (16) de sorte qu'un observateur voie le canal
optique droit avec un oeil et le canal optique gauche
avec l'autre oeil.
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